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FIRE SPREAD AND PLASTICS PIPES

M Curtis

M Curtis is a member of the Construction Department of the University of Reading

The risk of spread of fire due to the passage of plastics pipes through fire-resisting elements was
investigated using a gas-fired furnace similar to, but much smaller than, that used for fire-
resistance tests specified in BS 476:Part 8:1972. The investigation concentrated on plastics pipes
of sizes and materials which at the time were being used in the United Kingdom for above ground
drainage installations. The work was divided into two parts, the firsi dealing with the perfor-
mance of pipe/wall combinations under fire conditions and the second with pipe systems con-
tained within proteciive walls or encasements.

The resulis showed that the integrity of the element was usually lost quickly where plastics pipes
penetrated simple wall constructions especially when thermoplastic materials of low melting
point were used: chlorinated PVC gave the most satisfactory results.

The second part of the investigation was to ascertain the performance in fire of a domestic
installation and to access the risk of spread from one compartment to another through a system
contained cither within a protected shaft or enclosure. Floor stops within the protected shaft
were shown to be necessary together with some control of protected shaft or enclosure construc-
ticn.
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FIRE SPREAD ARD PLASTICS PIPES
by M Curtis

INTRODUCTION

The use of plastics for pipework installations is con-
tinually increasing in the United Kingdom and a variety
of materials have now been used for many years in
industry and elsewhere for applications such as the traas-
port of special fluids. Plastics are nov: widely used in
domestic, office and similar buildings, particularly in
piping installations for water supply and distribution
and above ground drainage. This investigation concen-
trated on the materials used for above ground drainage
systems because the variety of materials and sizes is
larger than for water systems and the fire hazard
associated with their use is likely to be greater. The
investigation was of an exploratory and ad hoc nature
and only pipe materials and sizes which were at the time
being used in the United Kingdom were considered,
concentrating on arrangements suitable for houses and
flats. Limited deductions applicable to larger installa-
tions can however be made.

The investigation considered the risk of spread of fire
and smoke associated with the passage of plastics pipe
through fire resisting elements such as compartment
walls and floors and separating walls. Whilst, in addition,
the pipes constitute part of the fire load in a building
and may emit toxic combustion products these risks
were not specifically investigated although relevani
information was obtained where possible.

A thermoplastic pipe is liable to soften and fall away
during the course of a fire and the size of hole thus
exposed will affect significantly the rate at which hot
gases and smoke can penetrate into adjacent areas. The
Building Regulations® limit the maximum internal dia-
meter* to 38 mm for most combustible pipes penctra-
ting fire resisting structures but extend this in the case
of unplasticised PVC to 100 or 150 mm in certain
areas.

Where combustible pipes exceed these maximum
dimensions they must be contained within a protected
shafit where they penetrate compartment walls, floors
or separating walls (Figure 1a). An exception is made
in the case of PVC pipes penetrating separating walls in

*The Building Regulations refer to maximum internal diameters.,
Sizes referred to in this paper are nominal diameters; actual
dimensions are uiven in Appedix 1.1 uand the extract from the
final draft of CP 3042 has been added for comparison.

A proiccted shaft for the purposes of this report, is defined as
« vertical shart passing through compartnent floors and bounded
by scparating walls, compartment walls or protecting structures
having the fite resistance required of elements of structure
(Figure la).

certain domestic buildings. In these cases, enclosure® of
the system is required and where the floor slab is pene-
trated by the vertical stack it must be made good to
provide a fire stop. The resulting arrangement is then
similar to that of a protected shaft with fire stopping at
floor level (cf Figures 1b and 1d).

A typical domestic above-ground drainage system usin g
plastics materials consists of a soil-and-waste stack of
unplasticised PVC, running vertically up the building
and contained within an enclosure or a protected shaft.
Lateral (near horizontal) branches connect sanitary
appliances — sink, basin, WC and bath — to the stack.
These branches pass through the enclosure or protected
shaft walls. The top and bottom of the vertical stack zre
always open at some point to the atmosphere. The ends
of the lateral branches are sealed with water seals at or
near the zppliance.

Under fire conaitions the likely effect of the passage of
plastics pipes through fire resisting clements is the loss of
integrity of such walls and floors; when the pipe deforms
or falls away a hole is formed which will permit the
passage of smoke and hot gases. A protected shaft is
designed o provide a separate fire compartment for the
passage of services and failure would be deemed to occur
if fire entered the sha®t. In small installations with
limited pipework however, failure might be deemed to
occur only when fire penetrated an inhabited compart-
ment other than that in which the fre originated. This
investigation considers both of these possiblies; Part 1
~ the length of time to loss of integrity of diffesing
combinations of pipe and fire resisting structure and
Part 2 — the probability of fire breaking into and out
from a protected shaft or an enclosure in a typical
demestic arrangement.

EXPERIMENTAL TECHNIQUE

All the installations tested were exposed in a vertical gas-
fired furmace similar to but smaller than that used for
testing walls and partitions to BS 476:Part 8:1972
(Figure 2), the speciinen size being 1 m x 1 m. The tem-
perature recorded by thermocouples within the fumace,
sited 100 m:n from the specimen face was made to
follow the BS time-temperature curve by regulating the
gas flow. Using this equipment the specimen could be
subjected to a pressure of about 1 mm wg measured
between the inside of the furnace and the external
atmosphere. This pressure was coarsely controlled by the
use of a damper on the exit flue and could in most
instances be maintained at the stated level within + 257%.

*An enclosure is herein defined as bounded by separating walls,
cempartment walls, floors or vertical casing (Figure 1d). The
casing is not an clement of structure and may not nced to have
the fire resistance required of such clements.
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EXPERIMENTAL PROGRAMME

PART 1 LOSS OF INTEGRITY OF SIMPLE PIPE/
WALL COMBINATIONS

1.1 Objective

The length of time to loss of integrity of a number of
plastics pipes passing through walls of asbestos wall
board or homogeneous building blocks was to be deter-
mined by visual observation.

1.2 Instrumentation

In this exploratory series instrumentation was kept to
the essential minimum. The fumnace temperature was

recorded and the furnace/outside pressure differential
measured at the level of the pipe penetration. The time
to loss of integrity was noted.

13 Pipe/wall variables

{a) Pipe samples

The plastics matesials and pipe sizes used are given in
Table 1.

(b} Wall constructions
‘The wall constructions tested are given in Table 2.

(c) Pipe end cunditions

Pipes of the type listed in Tabie 1 passed horizontally
through the walls listed in Table 2 and terminated on the
exposed face with one of the arrangements listed in
Table 3.

(d) Jointing

Joints in small plastics pipe systems are usually made by
a spigot and socket joint. This joint may either be sol-
vent cemented or provided with a seal consisting of a
rubber or plastics ‘O’ ring or similar device. Suitable
pipes of 50 mm diameter were jointed by either means
and as the type of joint was not thought to be significant
no record of the joint is given. 100 mm diameter PVC
pipes were joined by cemented or ‘O’ ring joint and the
type used was noted.

{e] Protecitve sleeving

The use e sleeving was not intended to form a signif-
cant part of this investigation but as 100 mm PVC pipes
wrapped with glass reinforced polyester (GRP) had
occasionally been used in practical situations some pipes
‘protected’ in this way were included.

A compiete list of the combinations examined is given in
Table 4.

14 Results
The results of the tests carried out in Part 1 are
summarised in Table 4.

1.5 Discussion (Part 1)

{a) Loss of integrity

Walls and other dividing elements of structure must,
under fire conditions, maintain their stability, restrict
the transfer of heat and prevent the passage of fire

for a specified length of time, the last requirement
being known as the maintenance of integrity. Plastics

pipes are likely to have a major influence on the time to
loss of integrity of a wall/pipe combination. The
influence on stability and insulation is likely to be small.

(i) Open pipes(passage of fire towards an open stack).
It is immediately clear that an open plastics pipe
penetrating a fire resisting wall will, in the sizes
investigated, fail quickly mainly due to the material
becoming softened by hot gases and falling away
from the wall. Time to failure is increased by
increasing wall thickness and is likely to be
increased by reducing pipe diameter. Under open
conditions, it is unlikely that pipes of 50 mm dia-
meter and larger of materials and pipe thickness
similar to those examined can provide a satis-
factory fire barrier when passing through walls of
100 mm or less. The type of support provided to
the pipe through the partition will have a marked
influence on its performance. Variations in pipe
collapse, carbonisation and combustion may make
substantial differences to the results especially
with open pipes. For example, in test 1(d) the
collapse of the ABS pipe provided a seal and gave a
result that would not necessarily be repeatable.

(ii) Sealed pipes (passage of fire towards an appliance
incorporating a water trap). Time to loss of integrity
is increased in this circumstance, as the pipe is not
subjected to the flow of hot gases. Notwithstanding
the previous comments on varation it is possible
to predict with some certainty the perfoimance of
a sealed arrangement. The data given in Table 4
allow a selection to be made of combinations of
sealed pipes and walls that would be capable of pro-
viding an adequate fire barrer.




As the pinework fails hot gases and possibly flames may
be transmitted through the open hole with the
attendant possibility of fire spread: furthermore, heat
transfer by direct radiation from the fire within the com-
partment cannot be ruled out. The open hole will also
provide a path for smoke and toxic combustion pro-
ducts and the decomposing plastics materials might add
to this hazard.

(d) Protective sleeves

Although insufficient data were obtained to draw firm
conclusions on the effect of protective sleeves, the
investigations suggested that the sleeve gave little added
protection when the pipework was open (Figures 6 and
7) but appeared to perform better on sealed pipework.
The performance of the sleeve would probably be
improved if the pipework were bonded to ihe inside of
it to prevent the softening pipes falling away. In the case
of GRPsleeves anincrease in flames and smoke occurred.

1.6 Conclusions (Part 1)

1 Plastics pipes of 50 mm diameter and PVC pipes of
100 mm when open to the atmosphere on the non-
fire side were shown to fail quickly when tested in

Figure 4 Prior to test 1i combination with non-combustible wails of 9 mm,

50 mm and 100 mm thickness.

2 Sealed plastics pipework gave improved perfor-
mance.

(iii) Enclosures and protected shafts. From the above it
is clear that :t would be difficult to maintain for
very long the integrity into an enclosure or shaft
containing an open drainage stack but maintenance
of integrity out agnain towards a sealed trap is a
practical possibility.

Plastics drainage pipework in buildings requires
protection either by siting within a protected shaft
or by providing a fire-protecting casing.

In the sealed condition, and to a lesserextent in

the open, the thickness of the wull, shaft or casing
(b} Effect of material is likely to be a major factor in determining the

time to loss of integrity of any combination of wall
and plastics pipe of given size; the thicker the wall,
shaft or casing, the longer the length of time to
loss of integrity.

The indication from this restricted number of tests was
that of the materials currently used for branches in
drainage systems, UPVC and CPVC are likely to perform
best in this type of fire test due to its reluctance to burn
and to the production of a rigid carboniferous residue.
PVC was shown to bum without a supporting flame
once a sufficiently high temperature had been achieved.
High density polythene and polypropylene gave poorer
results than PVC in these tests as carbonisatic:: does not
occur and these materials melt more quickly and burn
more readily.

(¢} Fire transfer

It was thought that this test procedure gave little indica-
tion of the likelihood of the pipes themselves transfering
the fire through the wall because the draught produced
by the furnace and the deficiency of oxygen in the fu-
nace gases appeared to inhibit flaming. tlowever flaming
did occur if outside air was introduced into the furnace
(Test le). The CPVC flamed once a sufficiently high
temperature had been reached under these latter con-
ditions. Tests ie, 1fand g all showed the greaier risk
of flaming with a smaller furnacef/outside pressure
differential but this was compensated for by a longer
time to loss of integrity. Figure 5 After test la
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Although notexamined it is likely that higher pres-
sures would cause earlier failure. However the

1 mm wg used in this test is unlikely to be
exceceded in practice.

By the use of enclosures or protected shafts to pro-
tect PVC services it is possible to provide adequate
fire resistance between occupied compartments pro-
vided a degree of integrity failure between the fire
compartment and the shaft or enclosure isacceptable.

PART 2 TESTS ON PLASTICS PIPES WITHIN
ENCLOSURES AND PROTECTED SHAFTS
2.1 Introduction
In the above-ground drainage system of a typical housing
unit near horizontal branches connect the sink, lavatory
basin, bath and the water closet to a vertical »tack. In
multi-storey housing the vertical stack may be common
to one or two columns of dwellings. he latter case is
often referred to as a ‘back-to-back’ arrangement, a
typical plan of which is shown in Figure 8. Typical sizes
for the horizontal branches are:

sink branch — 38 mm

basin branch — 32 mm

bath branch — 38 mm

WC branch ~ 90 mm

In other types of buildings involving ranges of WC’s or
basins the sizes may increase to 100 mm and 50 mm for
WC and basin branches respectively.

The vertical stack is likely to be enclosed for aesthetic
reasons by casing or within a service shaft. If the pipes
are of plastics or other combustible materials this should
be a ‘protected’ shaft and its walls should have the fire
resistance specified by the Building Regulations. In
residential buildings, services may be enclosed in casings
extending the full height of the room from floor to floor
and their fire resistance may be less than that specified
for other elements of construction.

It is common practice in the installations described
above either to pass the vertical stack pipe through the
floor and provide external casing around it frcm floor
to ceiling (Figure 1d) or to extend the floor to surround
the pipe after installation within a shaft (Figure 1b); this
latter practice is known as ‘floor stopping’. Both
encasing and floor stopping give a similar final condition
which might lead to a build up of smoke and combus-
tion products at fire level within the protected shaft or
enclosed area.

2.2 Objective

Part 1 of this investigation showed that if the progress
of the fire is towards an open section of the pipework,
the time to loss of integrity of any combination of a
plastics pipe and a wall will be vnacceptably short.
Nevertheless, if the pipework is sealed this time is likely
to be considerably longer. Thus if the plastics pipework
is within a shaft or enclosure, it may be possible to so
arrange the shaft or enclosure wall dimensions that even
if fire penetrates quickly into the shaft, it will take longer
to break out again. The objective of these Part 2 tests
was to examine in the ! m x 1 m furnace (Figure 2)
typical pipe and shaft arrangements to determine the
time taken for fire to break into and out of the shaft.
Conditions within the shaft were monitored. The sizes of
shaft and pipework used were compatible with the con-
ditions in a domestic building. The results obtained were
intended to predict performance only in this situation
but may also be used as guidance for larger installations.
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Figure 8 Diagrammatic plan of a typical ‘baci-to-back’
drainage system

23 Description of equipment

A test cabinet measuring approximately 1 mx 03 m x
2 m high was constructed of 12 mm asbestos board and
metal framing (Figures 9, 10 and 11). Vertical partitions
of 12 mm astestos board divided the area into three
equal parts giving three shafts. Other materials were
added to or replaced the section exposed to the

1 mx I m furnace.

A reinforced glass window — 160 mm wide and the full
height of the cabinet on the unexposed back wall of
each shaft allowed visual observation of the pipework
and smoke within the shaft. Three shaft arrangements
were examined in each test. Each shaft had a fire stop
150 mm from the base and 300 mm from the top. The
shafts were closed but joints were not sealed. In each
shaft a 100 mm stack ran vertically through the centre
and in all but one case the stacks were of PVC. Each
stack stood on the base (providing a seal) and was open
at the top. One or two open horizontal branch pipes
passed from the fumace into the shaft and joined each
vertical stack. Above the upper floor stop a horizontal
branch pipe passed out irom the shaft. This pipe was
sealed to simulate the existence of a water trap. In the
later tests (2(d), (e) and (f)) horzontal branch pipes
were introduced into the shaft through the unexposed
back wall and/or through the side walls. Specific des-
criptions of the pipe arrangements for each test are given
in Table 5 and shown diagrammatically in Figures 12-15.
The sections of the shaft above and below the upper fire
stop are referred to as the upper and lower compart-
ments respectively.

Different constructions were used for the wall exposed
to the furnace and in the last test the unexposed back

wall was thickened to 100 mm by the introduction of

block-work.

24 Instrumentation

Fumnace temperature

The temperature in the furnace was measured by four
thermocouples positioned 100 mm from the exposed
face of the cabinet and the gas supply to the furnace

controlled to provide the temperature-time curve speci-
fied in BS 476:Part 8:1973.

Othcer temperatures

Temperatures were measured by thermocouples within
the protected shaft above and below the upper floor
stop and within the vertical stack below the upper floor
stop as shown in Figure 12.

Figure 9 Cabinct mounted on trolley prior to test 2a viewed
from furnace side

Figure 10 Cabinet viewed from unexposed side after test 2a
(reinforced plass window removed)




NS BRT Jo-5-3 1Y)

¢

Section through cantre

A

bper F= T
wait A —"compartment I O “ 'e) :,ro |
\ o——Fire stop | 1 !; :

p R ] |
< E NZ [‘ 'l h! !
Furnace Voo
Exposed # It i |
side cpve Lower l: I i :l
S o) compartment :; ol o ll o I
3 g
' B tolotol

) ] |
1] Stop b IE 1l
N7 =

/

Trolley

View on A-A

Asbestos
rope
seat ¥
- : 3 R H
A N = Partition .
H y Approximately to
'Exbosed Ne) 1 Centre scale 1:25
ace Test 2¢ shown
Ej as an example
ER « 2\ \Cabinct
LH
View on B-B
Test 2a
Plans Elevation
(Furnace) 100mm pve
(a) 30mm 38mm 25mm
Section cpvc  cpve c'pvc 50mm blockwork
through plus
tower le—12mm In upper
compart- |100mm b asbestos compart-
ment pve board X1 maent
' ek exposed (uc)
LH \ I RH wall X
. / . —_ ™~ inside
Wired glass for visual observation x| stock
(Unexposad) o ‘}\ In lower
g compart-
.
5t ment
(b) CH PRl wo
Section 50mm 38mm  25mm J
through CpvC  cpvc  cpvc
upper e— 12mm R m’ -
compart- asbestos
ment board
N - X Trermo-couple
LH RH positions
*P Pressure measuring
points

Test 2b
As for 2a except
(o) cpvc branch pipes replaced by abs
(b) Exposed waili 38mm asbestos board only

Test 2c
As for 2a except
(a) cpvc branch pipes replaced by polypropylene

Figure 11 Diagram of test cabinet, furnace
and furnace trolley

Figure 12 Tests 2a, 2bsad 2¢c ~

Diagrammatic Jayouts




i
!
i

Test 2d

Plans Elevation
12mm Section through
(o) asbestos centre shatt
Section 50mm  38mm  25mm  pogrd 100mm pve
through pp PP ‘DD exposed P
near base wali
ot tower [50mm
compart- pp 25mm pp berny
LH RH 63mm
osbestos E
100mm pvc board
side
wall —
o
(b) Y
i 50mm 38mm  25mm 2
f;ct«on oD op o £ |
ough A Sh
upper { _J
compart- —d
ment w
Er ior =S =5 =
LK \ I / RH
Temperatures ond press-
100mm pve ures read in positions
as shown in figure 12

Figure 13 Test 2d — Diagrammatic layouts

Test 2e
Plans Elevation
6] «  100mm 100mm 00mm
Section pvC  pve  pvc
near base 100mm pve
of lower b
comport -
ment
S50mm Section through
asbestos centre shaft
10,,0\,?" board side
100mm
(Unexposed) e
(] 38mm38mm SOmm 100mm bl =3
. ockwork
5"“0?) polyp cpve cpve /exposcd walil
above (a
1| ~—50mm
asbestos f
_ board side t,\
LH w g
6mm €
asbestos Iy
board J
() 100mm  100mm 100mm
Section pvc  pvc  pvc
through
upper
cgrl:\part- Temperatures ond
ment pre§svures read in
gositions as shown
in figu-e 12

i'igure 14 Test 2e - Diagrammatic layouts




e s e g+ e e s

T e 1 R b 1 G AV a1 T G G e TS LA L AL S (P o TSI 1 8 G ?’W

Test 2t
Plans Elavation
{Furnace)
(0) 100mm 100mm 100mm
Section pvc c  pvc ‘
neor base
of lower
compart -
ment .
» Section through
LH RH centre shaft
100mm 100 mm 100mm
pve ci pvc 10omm
cast iron (ci)
(Unexposed)
ci ™
12mm asbestos
(LI 3%'&'“ asmm /. ard exposed
Section pe
wall
above {a) - i
100 rmm
blockwork
unRxposed 8
RH\ wall 2
38mm 25mm S
cpve po pvc w
J U
) 100mm 100mm 100mm
Saection pve ¢l pve 12 mm
through g:z:tos Temperatures ond
upper i pressures read in
:Scr:fcrt- l positons as shown
U - in figure 12

Figure 1§ Test 2f — Diagramumatic layouts

Pressures
Indications of the pressure conditions were obtained

2.53 The possible arrangemeiits of two WC branches
discharging into the same stack was examined.

using open ended copper tubes inserted into the furnace,

the shaft and the vertical stacks. Each tube was inserted
at 90° to the predominant air flow. It was thought that
as pressures were 5o variable and uncontrolled more
sophisticated measurements were unwarranted. Posi-
tions at which pressure measurements were made are
shown in Figure 12.

2.5 Pipe/wall variables
Al combinations examined are illustrated diagram-
matically in Figures 12-15 and listed in Table 5.

2.5.1 Tesis 2(a), (b), (c) and (d) represented simple
arrangements in which branch pipes of the materials
examined in tests 1(a), (b), (c) and (d) were examined
in the more practical situation of entering an enclosed
shaft and connecting with a vertical stack. Various pipe
sizes were used to determine the effects due to this
factor on the comparative severity of conditions with-
in the shaft and on the possibility of fire spread from
compartment to compartment.

2.5.2 Tests 2(e) and 2(f) examined the larger 105 mm
pipes likely to be encountered in the practical situation
as WC branch pipes.

2.5.4 The ‘back-to-back’ arrangement when branches
enter the enclosed shaft and join the stack from oppaosite
sides was examined in arrangement 2e/centre and test 2f.

2.55 A possible layout of sanitary accommolation in a
pair of dwellings so arranged to give back-to-back con-
nections to the soil and waste stack is shown in Figure 8.
Arrangements 2efleft hand and right hand examined
possible alternatives.

Results

A summary of temperature conditions and comments on
results are given in Table 5. Complete temperature
records are given in Appendix Il

{a) Waste branches pipes up to 50 :nm — Tests 2a, 2b,
2¢. 2
Tests Ja, 2b, 2¢ a.:d 2d each consisted basically of a
50 mm, a 38 mm and a 25 mm waste pipe passing
through a wall and connecting to a 100 mm stack.
Damage occurred more quickly within the lower com-
partments penetrated by the larger pipes. This is clearly
sirown in Figures 16 and 17. It should be noted that the
conditions shown 1a these figures are after 120 minutes

and 100 minutes exposure respectively. 9
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Comparison of Tests 2b and 2¢ suggest that the type of
branch pipe material used irflucnces the conditions
within the lower compartment for an initial period but
after longer periods of exposure the thickness of the
exposed wall and the pipe diameter are the significant
factors. The other tests although not giving a direct com-
parison did not contradict this statemeut.

The thickness of the walt expused to the heating condi-
lions was shown to have a considevabie effect vn the
conditions within the lower compastment. Tests 2¢ and
2d provide 3 direct comparison. (Figuies 17 and 18)

The PVC stack bumed when temperatities within the
lower compartment reached about 250°C,

In noinstance was there a loss of integrity between the
lower and upper compartments due to failure of the
pipe/floot stop combination. Upper compartment tem-

10

25 mm CPVC

Flgure 16  Aftcr test 22 Showing variation
of dsmage due to size of CPVC
horizonta! branch pipe. Duration
of test: 115 min

peratures appear to be related to lower compartment
temperatures, 100°C being reached in the upper when
the lower reached about 300°C. Above these tempera-
tures distortion of the stack in the upper compartment
occurred (arrangement 2d/1h — Figure 15).

(b} 106 mm branch pipes — Tests 2e and 2f

In all asrangements examined here two 100 mm branch
connccticns were made into the vertical stack, one
branch passing through the exposed wall and the other
passing through an unexpased wali. In arrangements 2f
and le/centre a 100 mm branch passed through the
unexposed back wall of the shaft — a direct back-to-back
arrzngement. In arrangements 2e/1h and Je/th a
100 mm tran.h pipe passed through the unexposed side
walls. All pipes through unexposed walls were scaled.
Until oss of integrity oceurred through an unexposed
wall the condition was not significantly different from
that with a single open branch connection through the
exposed wall,
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Figure 17 After test 2b (75 min). Variation duc to pipe size (50 mm on right, 25 mun on icft) and protection

given by floor stop to stack highet up clearly shown

Arrangement 2f/centre used a cast iron 100 mm stack
but was othenwise similar to 2/ th. Arrangement 2i/rh
did not include an upper floor stop but was otherwise
similar to 2/ th.

Lower compartment temperatures in all three arrange-
ments in Test ¢ and arrangement 2{/1h, when com-
pared with: earfier results. appear to indicate that when
100 mm hranches are used compartment wall thick-
nesses up to 100 mm do not have a significant influence
on the conditions in the lower compartment. These con-
ditions are dictated by the large aperture through the
wall left by failure of the 100 mia branch.

Comparison of arrangements 2e/centre and 2f/1h
indicate that one influence on the loss of integrity from
the lower compartment is the thickness of ihe unex-
posed wall. In arrzngement 2e/centre. integrity was lost
through the back wall (6 mm asbestos wali board) at
44 minutes.

In arrangement 2§ 1h, integrity of the 100 mm pipe
through the 100 mm unexposed back wall was man-
tained for SO minutes. Integrity was not lost through the
side walls in arrangements 2¢/1h and Je/th.

Buming of the #YC 100 mm stack agan occurced when
lower comy artment temperatutes seached about 350°C.

11
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Figue 18b Back
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Figure 18 Test 2d. Upper compartment after test (65 man). Coasidetratdc distor-
tion inside compartment (sume occurning afier end of test - § pure
18b). Integiity betwern upper and lower compartment belicved to be
intact at end f test. Integrity of branch (scaled) pipes intact -

Figure 18a

The upper compartment temperature again rcached
about 100°C when that of the lower compartment
reached 300°C. Ahove these temperatures distortion of
the stack in the upper compartment began (Figuse 19).

{c} Comparison of @ PVC system with « cast iron
system - Arrangements 2f/1h and 2f/centre
Arrangements 2/1h and 2f/centre provided a direct
comparison hetween the same arrangement in PVC and
cast iron. As expected no loss of integrity occurred with
cast iron. However, the temperature in the upper com-
partment rose more rapidly due to the increased thermal
conducuvity of the pipe materials and to the flow of hot
gases in the cast iron system being unobstructed unlike

2

that in cither the similat PVC arrangement or any pre-
vious test,

{d) Comparison of arrangements with and without fire

stops — Arrangements 2f/1h and 2f/rh
Arrangement 2f/rh was virtually the same a3 2f/1h but
for the exclusion of the upper fire stop, Buming is both
arangements cornmenced before 60 minutes. In arrangs-
ment 2{/th, without a fire stop, the complete stack was
destroyed and integrity fost from the upper compart.
ment at 49 minutes. In the firestopped arrangement
integrity through the firestop and also from the upper
compartinent was still intact at the end of the test (85
minutes). Figure 21,
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Figure 19 After test 2¢. Upper compartinent siacks in lower com-
partment completely destruyed. Stacks tn upper com-
partment protected by floor stud (much of the distor-
tion shown oocurred weli after cessstion of teet)

Figure 20 Test 2f. At4de. o utes

2.7 Discussion of results

2.72.1 Performance consideraions

(a) Criteria for failure

From the point of view of fire spread it is not considered
necessary to enclose most noncombustible pipework
within a shaft or enclosure; however this is usually done
for appearance considerations.

s Am— A 5 AN AL SR e b DT S Y15 GV PN ST o3 o0 1 R A N
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It may not be necessary to enclose small dismeter
plastics pipes within protecting structures but again it is
thought 10 be preferable both to prevent damage by
minor fires and other accidents and for the aesthetic
reason suggested above.

For the sizes and types of pipework arrangements
examined here, however, protection is usually necessary
to comply with the Regulations. This protection may
take two forms: a protected shaft or an enclosure. These
forms are shown and explained in Figure 1.

With constructions of this type two criteria of failure
are possible: (a) the more rigorous, in which failure is
considered to have occurred at the time of failure of fire
resistance of the exposed protecting wall and (b) in
which falure is considered to have occurred at the time
of tailure of fire resistance of the total barrier between
the fire compartment and any other comparunent.

Part | of this investigation has shown that if criterion
(a) is considered, a failure due to loss of integrity may
occur very quickly if open pipework of plastics matenial
is used. Combinations of thick walls and sealed pipes of
50 mm id or less should satisfy this criterion but the use
of larger pipes would require precise test evidence of fire
performance.

In small installations such as the domestic arrangements
investigated in Part 2, fire is unlikely to originate within
the shaft and limited pipework will contribute litte to
the fire load. It is therefore thought that in these circum-
stances criterion (b) would provide reasonable protec-
tion against fire spread as has been suggested elsewhere®.

Figurm 21 After test 2. Loss of integrity from upper
compartment
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Walls of protected shafts are normally expected to have
the same fire resistance as other elements of the structure
and to have this resistance from both sides. If it is
accepted that the criterion of failure is tha of failure of
the total barrier, for shafts which contain only a limited
firc load, the fire resistance 1equirement for the shaft
walls might be reduced. This investigaticn showed that,
providing a satisfactory floor stop was fitted, the pro-
tection given by the structural walls and casings in the
system tested was adequarz to prevent fire spread from
one compartment to another via the combustible pipe-
work during at least a } hour fire resistance test.

There is no difference between the possibility of fire
sprad tirough a system in which the main piping is
enclosed in a protected shaft with floor stops adjacent
to 3 structure wall and a similar system which is
‘encased’,

Hence for both systems the important question is the
degree of fire resistance which is needed for the casing;
it would appear from the tests that half the fire resis-
tance required from other elements of structure would
be adequate subject to a2 minimum of % hour measured
from both sides to avoid the possibility of structural
failure®. Certainly, proviued the wall or casing is thick
enough to prevent failure of the junction between the
pipe and the wall on the unheated face, full insulation
does not appear to be necessary.

(b) Vertical fire spread to cther compartments —
Floor stops

(i) Enclosures
Since the term ‘enclosure’ implies the passage of
pipes through the floor and the addition of casing
enclosing the pipes between floor and ceiling, con-
sideration of horizontal floor-stopping to provide
vertical separation does not arise,

(ii) Protected shafts
Fire stops within the pratected shaft are not
normally required by the Regulations. The early
tests .n Part 2 suggested that with combustible
pipes, fire stops should be provided in order to mini-
rise spread of smoke through the building, 1o
localise damage to the drainage system and to pre-
vent collapse of large sections of pipework into
areas in close proximity to the fire. Figures 16, 17,
18 and 19 all show the protection given to pipework
higher up by the tloor stop. Because of the obvious
necessity for a floor stop, only one arrangzment was
tested without a fire stop — (2f/right hand.) The
complete stack in this example collapsed at about
29 minutes. Figure 20 shows test 2f at about 40
minutes with the left hand stack intact at the upper
level. Failure occurred in test 2f/th at 49 minutes

*These tests, however, were confined to the use of ashestos
it sulstion products which did not suffer stability failure oves
the test durations invotved.
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when integrity was lost, (for the only time in the
test series, from the upper compartment (Figure
21)). This loss of integrity seems to have occurred
not solely due to the temperature in the upper
compartment but also to the disturbance caused by
the collapse of the stack.

It is suggested that the floor stopping should be solid,
non<ombustible and of equal thickness and fire resis-
tance to the compartment floor through which the pro-
tected shaft passes and be smoke-tight and adequately
supported. All pipes passing through the floor stop
should be fire stopped with a suitable material, special
attention being paid to tnose pipes requiring sleeving for
thermal movement.

Penetration downwards is much less likely than upwards
and was not experienced in these tests. The floor-stopping
suggested above would give satisfactory protection.

Providing the floor stops are constructed as recom-
mended above the section of protected shafi will per-
form in the same way as an enclosure for which some
relaxation is provided for the passage of PVC pipes
through separating walls into such areas.

(c) Horizontal fire spread

Fire and/or smoke may penetrate from the fire compart.
ment by way of the shaft to compartiments ab:ve or
below and to other compartments on the same level.
Resistance te penetration to areas above or below is
increased by the provision of a floor-stop as shown
above, Horizontai penetration is more difficult to con-
tain especially if sections of the same piping system are
involved (see Figure 8). The wall opposite to that
exposed to the fire is more vulnerable than the side walls
due to the greater intensity of direct radiation through
perforations in the exposed wall left by the failure of
plastics pipes. In the type of domestic circumstances
envisaged in Part 2 of this investigation sections of the
shaft wall st :ture may be fairly substantial due to re-
quirements otiicr than those for fire, viz structural or
sound insulation. Tests 2¢ and 2f suggest that a combina-
tion of a relatively thick wall (100 mm is sugpested as a
minimum} with a thinner one will give satisfactory
results. The thicker wall is assumed to be a separating
wall and must have the {ull firc resistance required for an
clement of structure. The thinner wall is provided by the
casing or a protected shaft wall and reduced fire resis-
tance may be adequate; the thickness will determine the
time to failure and minimum recommended dimensions
are given in Table 6.

The ‘straight through’ 100 mm pipe in the centre com-
partment in 2e failed at 44 minutes with an unexposed
wall of only 6 mm thickness but similar pipes, offset
through 25 mm walls retained their integrity suggesting
that the thickness tequirement given above would give
adequate protection. In the comparable arrangement
with fire from the other side (test 2f/left hiand) integrity
was maintained but failure through the 160 mm wall was
thought to be imminent at 90 minutes.




In test 2e, right hand and left hand, integrity was main-
tained through the side walls to the end of the test (65
minutes). Although the side was much thicker (25 mm)
than the back (6 mm) in this case, it is likely that useful
benefit would be gained if entries into the shaft are not
directly opposite one ancthei. Pipes through unexposed
walls are not then exposed to excessive direct radiation
from the fire when failure through the exposed wall
oceurs, .

(d) Fire transfer

As in Part 1, little indication of fire transfer was given by
this test procedure. Lack of oxygen in the furnace gases
inhibits flaming even of those materials known to be
highly flammable. However, it is thought that the com-
bustion products fress a fire giving the high tempera-
tures of the BS ume/temperature curve are themselves
likely to be deficient in oxygen. Fires not consuming the
maici part of the available oxygen are likely to be less
not. The suggestions made above for the construction of
floor stops and shaft walls are likely to contain fire
spread in any conditions. In systems such as those
examined, constructed primarily from PVC, flaming
only occurs after a considerable time when 2 high tem-
perature is reached. In these circumstances the fire
would probably be so large as to make the contribution
to the fire from the piping material insignificant.

(e} Smoke and sinoke spread

The production of smoke and toXic gases was shown to
be a substantial problem in the fire performance of
plastics pipe systems. In the type of system examined
the hazards resulting from the spread of smoke are
likely to be greater than is the risk of fire transfer.
Thermal decomposition of a quantity of PVC can pro-
duce up to 50 per cent HCI by weight®. In all tests of
Part 2, considerable quantities of smoke were evolved.
This lcads {0 the conclusion already drawn above that
every ¢ffort must be made to contain the products of
plastics combustion within the fire compartment and its
associated section of service shaft. The need for floor
stops and good fire-stopping around pipes is stressed

again.

(f) Matenals examined

Part 1 has shown chlorinated PVC to be the best
material under the type of fire test conditions investi-
gated in that part. PVC and chlorinated PVC pipes given
reasonable support (partly by the thickness of the wall)
remain in position, decompose and carbonise leaving a
rigid, brittle carbonaceous residue. This effect con-
siderably assists the performance of the larger (and
thicker) 100 mm pipe. Pardy for this reason PVC was
the only larger plastics pipe examined in Part 2. It is
stressed that the comments made here and the conclu-
sions drawn later on the use of 100 mm pipes apply only
to PVC. It is believed that no other plastics material
currently readily available as drainage pipework would
perform as well. The carbonising effect of PVC is clearly
shown on Figure 22 which shows the remains of the
100 mm PVC pipes through the 100 mm back wall of
test 2f/left hand and right hand. The carboniferous

.

Figure 22 Horizontal branch pipes ~ test 2f showing rigid
carbonised residue

residue will break down on prolonged expor ure but will
retard the penetration of fire through pipe and wall
combinations.

Several tests demonstrate that the so called ‘self-
extinguishing’ property of PVC is not maintained under
conditions of elevated temperature. In this investigation
PVC bumned readily on several occasions when the lower
compartment temperature exceeded 3C3°C. However, it
was demonstrated that this burning could be contained
within & floor-stopped shaft or similar arrangement.
Figures 16, 17, 18 and 19 all show results where the
stuci in the lower compartments had bumed vigorously
but damage in the upper compartment was limited to
distortion.

It must be noted here that o at lessi one ucrasion
(during test 2f) the 10¢ mm PVC pipe bumed with 2
flame within the furmace more readilv than experience
would have predicted. This led to the belief that there
1nay be materials which, added to the PVC mix or other-
wise used during manufacture, might change its com-
bustion properties. Whether or not the use of these
materials is permissible within the requirements of
BS 4514:1955 is not clear.

Differences in the performances of the plastics materials
examined, in this investigation other than PVC, were not
such as to justify differentiating between them when
defining their use. Their use should be restricted to the
smaller sizes (sce below). Test 2f suggests that the use
of non-combustible metallic pipework — in this case
cast-iron — may not necessarily lead to improved con-
ditions. Although these pipes will maintain integrity
through walls and fire stops more readily than plastics
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pipes, their greater thermal conductivity leads to the
transfer of considerably more heat. In test 2 the upper
compartment temperatures are seen to be considerably
higher in the shaft using cast-iron (centre) than in the
comparable one using PVC (left hand).

(g) Pipesize

Although tests 2a, b, ¢ and d clearly demonstrate that
the size of pipe passing into the protected shaft has a
substantial effect within it, the variation due to pipe size
is likely to diminish as the shaft or casing wall thickness
increases; this cffect is however small in comparison with
heating in the enclosure due to conduction through the
exposed wall. Although these four tests do not give a
complete picture, a need to restrict the size of plastics
pipes through protecting structures is demonstrated and
since conditions adjacent to the shaft wall or casing can-
not be controlled the restriction of pipe size to 100 mm
diameter for PVC and 38 mm for other plastics appears
t:: give a reasonable level of protection.

(h) Combinations of pipes

Although this effect was not investigated directly, com-
parison of the results of tests 2e and 2f suggests thatif a
100 mm PVC pipe passes through the protecting element
the addition of a limited number, (perhaps three,) of
smaller pipes (38 mm or less) would not substantially
worsen the condition. The proviso must be made that
each additional smaller pipe must pass through the pro-
tecting element separately and be separately fire
stopped. The passage of several pipes through a farge
hole which is subscquently fire stopped might well lead
to the falling out of the stopping under fire conditions.

(i) Composite walls

Again, this effect was not examined. It is possible that 2
sandwich wall construction with a void in the centre
would give a different performance from the homo-
geneous constructions examined. Comparable perfor-
mance would probably be achieved if a non-combustible
sleeving were used or if care were taken to ensure that
solid, non-combustible fire stopping was continued into
the void (see Figure 23). ‘

Compartmant % Protected shaft

DY
£

[ J

Solid non-combustible
T~ {ire-stopying contirued
into void

T
S

RS

7

QNN

v

Figure 23 Suggested fire-stopping in walls of
sandwich construction
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(j) Sleeving
Sleeving of plastics pipes where they pass through walls
has been proposed as a method of retardinig integrity
failure at the plane of division; nevertheless distortion
and failure of the pipe is likely to occur at the ends of
the sleeve and unless a rigid plug of decomposed plastic
is formed within its length integrity of the whole
system will be lost. It would seem that in small systems
such as those primarily considered, the provision of
sleeving is difficult due to lack of space and probably
unnecessary. In larger installations sleeving might
increase the effective thickness of an otherwise thin
partition and is most useful if the pipes are not open.
The sleeving should, however, not add to the fire hazard.
The GRP wrapping examined gave off considerable
amounts of dark smoke as well as combustible products.
To make sleeving most effective a bond between the
sleeve and the pipe is necessary, otherwise the softening
pipe collapses away from the sleeve as shown in Figure 6
— test 1i. Metallic sleeving due to its high thermal con-
ductivity would probably exaggerate this collapsing
effect.

Where a plastics pipe is fitted onto a metal section to
penetrate 3 division, failure of the junction is likely to
occur on the unexposed face whenever pressure condi-
tions are such that flow of hot gases from the fire area
occurs.

(k) Support

Support for pipes on the exterior of the service duct is
likely to be better in practice than in thesc experiments,
and therefore likely to give improved fire performance..
Inside protected shafts the complete collapse of the large
diameter pipework due to softening is considerea to
increase unnessarily the problems associated with igni-
tion and smoke production and metallic holding-brackets
are recommended for use with 100 mm or 150 mm PVC
pipes to oifset this effect. This reaffirms a recommenda-
tion made in an earlier test report®. When metallic
brackets were used no difference in performance was
apparent between ‘O’ ring and solvent welded joints.
Metatlic brackets must of course be secured to a section
of the shaft which will not itself fail under fire con-
ditions.

(1) Pressures

The pressure of 1 mm wg maintained in most cases
between the fumace and the outside was thought to
provide a value consistent with the maximum likely
pressure to which the pipe system would be exposed in
practice. This pressure would usually be caused by super-
imposed wind effects and would in the majority of cases,
be smaller resulting in a reduction of the effects shown
by these tests.

(m) Larger installations

No conclusions are drawn regarding larger protected
shafts than those likely to be used in domestic situations.
Plastics pipes penetrating protecting structures will fail
and this report can give some guidance as to the time at
which failure will occur. Where shafts of larger size or
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with greater fire loads are involved an assessment of the
consequences of the initial failure into the protected
shaft must be made in each individual case. As stated
above, this investigation has not produced any evidence
to suggest that the restrictions imposed by the amended

! Building Regulations are in general either too lenient ot
too prohibitive. However, this investigation suggests
more stringent requirements than the regulations for the
fire resistance of protecting casings.

2.8 Conclusions

This investigation was carried out with wall and shaft
dimensions smaller than those encountered in practice.
Notwithstanding this the following conclusions are
believed to be justified.

i Plastics pipework passing through walls will, in’
most instances, lead to loss of integrity of the wall
under fire test conditions quicker than would be
the case with most noncombustible pipework.
Loss of integrity will be rapid if:

(a) the pipework is open to the atmosphere (as in
the case of drainage pipework)

(b) the wall is thin
(c) the pipe diameter is large.

(Limited quantitative data is given in Table 4 and
inPart 1.)

2 Plastics materials which do not melt and drip
under fire conditions and which decompose to
leave a carbonaceous residue are better for the
maintenance of the integrity of a pipe/wall com-
bination. PVC was the best of the materials investi-
gated.

3 It is practicable to lay down design criteria if, for
the domestic situation, failure is deemed to have
occurred only when fire penetrates from one com-
partment to another.

4 The production of smoke and noxious gases
should be the major cause for concern when con-
sidering the performance of plastics piping systems
in fire. Rigid checks should be applied to ensure
that no easy paths for the passage of smoke exist
between compartments.

5 Flaming was not a problem in the tests and if
occurring in practice would prohably be satis-
factorily contained within an instaliation com-
prising a structural wall and casing having a
reduced fire zesistance requirement.

6  Casings for enclosures should be require to have
aminimum thickness and a specified degree of
resistance to fire from either side.
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Table 1 Pipe samples tested

Size (mm)
nom.dia. Material Comments
50 Chlorinated polyvinyl
chloride (CPVC)
All these materials ate currently
50 Polypropylene (PP) used for lateral pipe work in
drainage installations. Further
50 High density information is given in
volyethylene (HDPE) Appendix 3.1.
50 Acrylonitrile butadiene
styrene (ABS)
This is currently virtually the only
plastics material used in the UK
for vertical drainage stacks. (ABS
100 Polyviny! chloride (PVC) is used in the USA). The 100 mm
size is commonly used; although
larger sizes are available they were
not examined.
Table 2 Wall constructions tested
Thickness
{mm) Material Comments
9 Asbestos wall boazd (ASB)
50 Lightweight building In all caces pipes were made a
blocks . . .(BB) tight it into the wall or fire
stopped with plaster.
100 Lightweight building
blocks .. .(BB)

Table 3 End conditions of pipes

Arrangement

Comments

90° bend anid an open vertical section ... . open
90° T-junction and an open vertical section . . . open

90° T4unction and a closed vertical section . , . sealed

Figure 3

Figure 4

The open or sealed arrangements
represented the possible passage
of fire towards an open stack or
towards a water seal respectively.
The Tunction arrangement gave
better support on the unexposed
side than the bend arrangement
and is the more nonnal
occurrence.
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Table 5 Results of tests on protected pipe systems

P

g A e

e e e e

Maximumt temperatures in °C at
30, 20 and 90 min
Pipes (sealed) through side
Pipes (open) through and back walls of lower Upper Lower
Test Exposed wall © exposed wall compartment compartment Stack compartment
2s 50 mm building Left: 50 mm CPVC 40 160 70
(Fig 16) blocks and 50 210 110
12 mm asbestos 80 310 160
wall board
Centr:: 3§ mm CPVC Noze 40 120 90
. 60 140 120
70 190 150
Right: 25 mm CPVC 40 50 60
50 80 60
60 120 80
2b 38 mm asbestos Left: 50 mm ABS 40 100 110
(Fig 17) wall board 80 230(p) 220
100 350 290
% Centre: 38 mm ABS 40 130(P) 120
None 70 200 190
90 200(P) 290
Right: 25 mm ABS 30 100 120
60 140 160
70 170 190
2c 38 mm asbestos Left: SO0 mm PP 40 190 160
well board 70 210(P) 250
90* 290(P)* 270*
Centre: 38 mm PP None 40 100 150
70 260(P) 220
80* 200(P)* 230*
Right: 25 mm PP 20 80 80
50 130 140
70 150* 160*
24 12 mm asbestos Left: 50 mm PP 50 mm PP through 63 mm 90 220(P) 240
(Fig 18) wall board asbestos wall board side 140 410 430
Centre: 38 mm PP - 80 230 200
110 400 360
Right: 25 mm PP 25 mm PP through 63 mm 80 160 210
asbestos wall board side 100 200 300

{ Temperatures given are taken from experimental records and may differ slightly

(P) Refers to peak temperatures reached prior to time specified
* Temperatures at 75 min
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from those shown in the simplified curves




Test duration
min

Comments

120

All branch pip2s maintained 3 degree of integrity until 20 min w* en traces
of smoke appeared in the lower compartments. Little smoke until 60 min.

Left: Stack in lower compartment collapsed progressively from 80 min
and began to burn at 117 min.

Centre: Stack performed as above but later, collapsing from 100 min
(Fig 16)

Right: Stack was substantially intact at end. No loss of integrity to upper
compartments.

100

Lower compartments filled with smoke earlier than for 2a (above).

Left: Stack distorted at 45 min but stee! bracket helped to retard collapse.
At 95 min, following callapse, bumning began. Stack in upper compartment
appeared to soften.

Centre: As above but changes were delayed.

Right Stack had distorted more than in 2a (above) but had not collapsed.

75

Results were similar to 2b (above).

Left: Temperatures in stack and lower comparmment initially rose more
rapidly than in 2b, probably due to rapid melting of potypropylene. After
60 min, conditions were comparable with 2b (above).

Centre: As for left

Right: Earlier tempeature rise not exhibited as compared with 2b (above.)

65

Results similar to 2c above but with thin exposed wall and presence of
other pipes through side walls the temperatures 1ose more quickly. There
was no apparent loss of integrity to the upper compartments.

Left: Stack distorted at 16 min and collapsed 2t 25 min 1n the lower
compartment. Burning began at 45 min and led to softening and distortion
in the upper compartment (Fig 18). Branch pipe through side wall failed at
61 min.

Centre: Stack performed as above but burned later at $7 min.

Right: As above but stack burned at 65 min. Branch pipe remained intact.

Continued overdeal

21
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Table 5 Results of tests on protected pipe systems (continued)

Maximumt temperatures in °C at

30, 60 and 90 min

Pipes (sealed) through side
Pipes (open) through and back walls of lower Upper Lower
Test Exposed wall exposed wall comparniient compartment Stack compartment
2e 100 mm building Left: 100 mm PVC 106 mm PVC through 25 mm 80 350(P) 250
(Fig 19) blocks with 38 mm PP above asbestos wall board side 120° Burning 370
it 38 mm PP through 6 mm - - -
asbestos board back
Centre: 100 mm PVC 100 mm PVC and 38 mm 80 320(P) 260
with 38 min CPVC CPVC through 6 mm 120 Buming 380
above it asbestos board back - - -
Right: 100 mm PVC 100 mm PVC through 25 mm 80 400(P) 210
with 50 mm CPVC asbestos wall board side 120 Buming 290(P)
above it 50 mm CPVC through - - -
6 mm asbestos boatd back
2f 12 mm asbestos Left: 160 mm PVC 100 mm PVC and 25 mm 90 320(pP) 250
(Figs 20~-1) { wall board with 25 mm PP above PP through 100 mm 130 Burrning 420
it building block back 150 Burning 590
Centre: 100 mm cast 100 mm cast iron through 120 590 250
iron 100 mm building block 210 650(P) 450
back 280 700 570
Right: 100 mm PVC 100 mum PVC and 50 mm 280 240(P) 310
with 50 mm ABS ABS through 100 mm 50 Burning 580
above it building block back 630 Burning 600

1 Temperatures given are taken from experimental records and may differ slightly from those shown in the simplied curves

(P) Re“~rs to peak temperatures reached prior to time specified

22
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Test duration

Commients

60

Similar results were obtained from all three thafts, the lower compartment
teraperatures being very similar. All sealed pipes except that of 100 mm
PVC in the centre compartment retained their iategrity till the end of test.
Considerable flaming occurred when test stopped.

Left: Stack bumned at 50 min, when recorded, lower compartment tem-
perature was about 300°C. PVC and PP pipes through side and back
retained integrity to end of test. :

Centre: Stack burned st $2 min. 38 mm CPVC pipe through back retained
integrity to end of test but 100 mm PVC also through the 6 mm asbestos
board failed 2t 44 min.

Right: Stack burned at 50 min. PVC and CPVC pipes through side and
back retained integrity to the end of test.

90

Left: Temperature conditions in the lower compartment were similar to

2e (above), with burning at S0 min. The 100 mm FVC and 25 mm PP pipes
through the back wall softened and sagged gt 88 min. Deformation of the
stack in upper compartment but no loss of integrity.

Centre: Cast iron pipe remained intact throughout. Temperature in the
upper compartment rose faster than in all other tests and reached 280°C.

Right: NO FLOOR STOP. All temperatures rose more rapidly than in left
shaft. Integrity between upper compartment and outside was lost when the
upper 100 mm PVC branch failed at 49 min, Pipes from the back of the

lower compartment softened and sagg=d at about 86 min similar to left
shaft.
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Table 6 Minimum thickness of shaft or casing wall

Fire resistance Minimum wall thickness®
requimment-.h . mm
% 12
1 25
% 25
\ 2 38

*The thicknesses recommended relate only to the materials
tested (asbestos wall board, blockwork etc). Noncombustible
materials of lower density and combustible materials require

special consideration.

APPENDIX 1
i Pipe dimensions
* CP 304 equivalent®
Nominal diameter oD Wall thickness wall thickness/OD
Material mm mm mm mm
ABS 25
CPVC 38 429 1.9 1.5/40
and PP 50 55.9 2.0 2.0/50
HDPE 2§
38 445 30
50 57.2 30

[

*Under 1SO 161 plastics pipes sizes will require designation in terms of outside diameter. The values given in
CP 304 are expressed similarly and are provided here for information.
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APPENDIX Il

Test 2a Left hand compartment

A T

- Expo3ed s:oe

o B0 cPpve (Open)

Bosk orrangemant
For mare ostcd
see figure

Comments
Stack collapsed ot adout BO minutes
Yest continued to 12XC minytes

- BOmm biockwork plus
RmMmm asbestos board

Buriiing in lowsr compartment ot 117 minutes

After test resulty shown n tigure 16

o4
300 /f\\
O
-
0: // \"/
5 P
o 400r stack
- /
r\/~\__’—_.—" ‘yv
K4 ! - —
voo1 /__—“
td 4__\1;,—-—-—1
] __/
e e
3 1 d i
(<) 20 -0 60 80 O
Timg - mun
Test 2a Centre compartment

P

Basic crrangement
For more cetari
208 tigure 12

Cormments
Test continued o 120 minutes
After test resuits shown in figure 18
No apparent Burning

e Exposed sxda

e 38 MM CRVE (ODEN)

S0 Blcckwork plus
12mm osbestos boorg

“*
v"{300-
»
5
I3
$ 200+
-
3 stack /"”_
s ,"”’,/
- - — e o S < ’
100} p N~ /-—_;,——-
- ~/
54;2 =
i 1 i i
o 20 a9 ) 80 00

Time «rmun
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Test 2¢ Right hand compartmaent

Expeosed side
. 23mm cpwe oen)
Basic crrongement
For more detcii o 50mmn diochwurk plus
see ligure 12 Wrvn osbestos tuard

Comer.ents
Tes. continued to 120 munutes
After “e3t results shown in figure 16

No burning
4
3004+
]
g 200
¥
g 100} e -
Lo - Y,
- - e— - S—
/.-—-:-:_,-, e, S ecsm e = (14
l:‘&—l__—_—'_f——‘____j.__—-‘-'"
0 pde) 40 60 60 100
Time - min
Test 2b Left hand compartment
Exposed side

Basic o mant > 50rrn abs (open)

For more detail Jamm asbestos
see figure 12 board

Comments
Excessive distortion of stack at 4% minutes
Burning omarent ot 93 minutes — this record
suggests eartier ignitron (8% minutes)

(=

»

Temparatu:~

Time - min
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Test 2b Centre compartment
Expcied side

s e———38mm cbs (open)
Basic orrangement

For more detati =—38mm asbestos
sse tigure 12 ( ) board
Comments

Excestive distartion of stock at 38 minutes
No apparent burning

4
i el
1 d
5 Ve
S 200 ,;:r\’/ !
L9 \ -
.% ~ ‘/ ;/ - ’f:ﬁck
oo} |\ e
, \,-; . uc
M/
1 . I : I}
o 20 40 %0 &0
Time —min
Test 2b Right hand compertment

g Exposed sice
. —23mm abs (open)
Basic arrongement

For more detoil s *«—38mm csbestos
see figure 12 board

Comments
Excestive distortion of stack at €3 minutes
No burning

400
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g

emperoture

T
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e ir )
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s

g,
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Test 2c¢ Left hand compartment

T Exposed sida
Basic orrangement ! S0mm polypropylene
For more detail 38 mm asbestos
see figure 12 L ; '
; 1
Comments
Excessive distortion of stock-25 minytes
No burning
d
{ 300} -
[ ] ).
[ -
2 ic —'—’j
5 P /
gzoo- \ W /
\ 7/ J/ stock
o
" \ / - \\ P <
*—-7 -
1004 .’
/
! ! 1 i !
o 20 40 ) 80 100
Time - min
Test 2¢ Centre compartment
- Exposed sice
> 38 mm polypropylene
Basc orrengement
For more detait 38 mm asdestos
see figure 12 J boord
Comments
Distortion of stock 5% minutes
No burning
400
v 3004
1
[ ]
E P
© 200+ ~
1 A
: AN
C — —
- - $tack
100 )*{_{ —
—/uc___/_
1. A 1 1
[~} 20 40 60 80 o
Time -mmn




Test 2¢ Right hand compartment
Exposed side
25mm polypropylene

Basic orrongement

For more cetoil -—38mm asbestos board
ses tigure 12
AY
Comments
No burning
300
R
i
g
3 2008 _
1 —r
E — =
2 1004 l(xk{
1 1 d
o 20 40 ) 0 700
Time - min
Test 2d Left hand comportment
| S — Exposed sde

———80mm polypropylens (opan)

Basic orrongemaent

For more detart

see figure 12
50mm polyprooyiene
(sealed) throug —
73rmen cxbastos dboord

~12 mm osdestos board

Comments
Burning cpoorent ot about 45 minutes

500,

M
Ny
AXe
b\

Terrperature =°C
8
>
———

Time — min




Tast 2d Centre compartment
f Exposed side
3a8mm polypropylene
Basic arrongement
For more detait < +—-12 mm asbestos board
see figure 13 ; O

Comments
Burning apparent just before &0 minutes

’
-
400(-
9 ~/
i yaw
L0l stcc/k/ j,c
: L
v //
= 2001 ~
7
/,/
100} /’. uc
it ' ! 1 1
o 20 40 60 80 100
Time -~ min
Test 2d Right hand compartment

~——Exposed side
~————28mm polypropylene (cpen)

Basi: arrangement
12mm gsbestos boord

For more datail

ses figure 13 29mm polypropyiene(seaied)
— 73mm osbestos board
Comments
No burning
4

o 200+ /
" ic
; N
§2°°' , ~2\ —
E / //stack S—
R

100 ,'\ f\ e

Time - min
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Test 2e

For more detail

Basic arrongement

Left hand compartment

o Exposed side
e ———100mm pve (open)

N\ "\'K\'._yoo mm blockwork

see figure 14

100mm pv¢ (sealed)
through
25mm asbistos board

Comments
No apparent burning

4
P2
, \stcck \/ e
300} 7,
o N e
! |
§ |
2
§T 1
Q
3 |
.l ’ uc
100‘ /
J
S i i 1 i
o 20 40 60 80 100
Time - min
Test 2¢ Centre compartmant
17— Exposed side

jo———100mm pvc (open)

Basic arrongemant v 100mm blockwork

For more detail
see figure 14

-——6mm asbestos boord
[*———100mm pvc (sealad)

&
Commants

Failure at point A gt 44 minutaes
Burning at 52 minutes

4
i, /"

300k stack
© {’\\ Ry
! /
2
gaoo- | k_/ /
g / \'ﬁ\ - s
A ,oo_,\ lI , U

(%
0 %6 6 86 86 700
Time - min
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Test 2¢

Bosic crrangement
For more detail
sag figure 14

Right hand compartment

| erentvans e Exposed side
e 100 mm pvc (open)

-—— 100 mm biozkwory

100 mm pve (sealed;

25mm asbestos board

Commaents
Burning at 50 minutes
400
.‘I’ ir\slcck ~
3 \ / V’\
5 300l ’ b \ .
3 \ -~ ~
Y , ~ /“ ~/
o -
g I Ic -
¥ 2000}
| , 7~ -
uc
1m,_‘ ’ I
| V
1 1 ) 1
Y 20 40 60 80 00
Timeg —rmn
Test 2t Left tand compartment
[ e Sa—— Exposad side
j————100 mm pve (open)
Bosic srrangement
For imore datail 1i2mm gsbestos boord
see tigure %
=100 me biockwork
100mm pvc (sealed)
Commants
Burning 1ust prior to 50 minutes
-~
rd
/’
500} /
A’
/ ’
400}
O
‘i /' /stocx
£ 300} )| e /
; N " r
a ~
AR
2001} Y —_—
|
1 1 ] 1
o 20 40 60 80 100
Time —mun
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Test 2t Centre compartment
7T Exposed side

Basic arrangement
For more detoil
see figure 15

Comments

*————100mm cast iron pan)

12 mm asbestos board

T—100mm blockwork

jo—— 09 mm cost iron (sealed)

Compare uc temperatures with ) ~ lefthand

7
-
,
~ s
SO0 /-.//. \\~~
/6; -
-
500}- / s
/ ~—
L / ,lc/
& 400 } /
3
3 (
g /
€ 300
< |
|

Time-min

100
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Test 2t Right hand compartment
7 Exposed side

«———100mm pvc bpen)
«——12mm osbestos board

Basic arrongemant
For more deatail
see tigure 15

T Je—100mm Dblockwork

- ——— 00 MM pve (seoled)

Comments
No floor stop
Note excessive upper compartment temperatures
Burning ot 43 minutes

b

g & 8

Temperoture —*C

g

3 1 L
o 20 40 60 80 100

Time —min
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Current papers —recent issues

CP60/76 Coordinatiny working drawings.
CP61/76 A survey of motorway funcing in England.
CP62/78 Fires in recidentizi personal social sarvices buildings.

CP63/76 Report on the burning of wood treated with wood presarvatives containing
copper, chromium gnd arsenic.

CP64/76 Solar energy utilisation in the UK: currant research and future prospects.
CP65/76 Insitu and laboratory tests on glacial clays at Redcar.

CP66/76 Some trends in furniture fires in domestic premises.

CP67/76 Materials wastage — a misuse of resources.

CP68/76 A review of noise-reduced construction plant.

CP69/76 Report on the collapsa of the Sports Hall st Rock Ferry Comprehensive
School, Birkenhead.

CP70/76 Prediction of thermal conductivity of GRP laminates,

CP71/76 Cosstal landslides in cliffs of Pleistocene deposits betwesn Cromsr and
Overstrand, Norfolk, England.

PR

CP72/76 Background noise levels in the Uniied Kingdom.

CcP73/78 Fire behaviour of foamed plastics ceilings used in dwellings.
CP74/76 Experimental methods for the study of fire-fighting foams.
CP75/76 Desirabie temperatures in dweliings.

. CcP1/77 Sprinkler and spray systems for marniiime use.
cP2/77 Eloor loadings in domestic buildings — the resutts of a survey.
cP3/7? Portable and instalied fire-fighting equipment in buildings.
cPa/77 Prediction of environmental noise from fast electric trains.
CP5/77 Future for treatment of domestic and commercial wastes et source.
cPe/17 The use of census data to identify and describe housing stress.
cPr2I? Guide to design of cavity barriers and fire stops.
cr8/7? A multinomial analysis of water demand.
CcPe/77 Eire losses and the effect of sprinkler protection of buildings In a variety

of industries and trades.
cPi10/77 The effects of road traffic noiss in residential areas.

CP11/77 Some examples of the influence of field measurements on foundation
design and construction.

CP12/27 Examination of the use of critical psth methods in building.

cP13/77 Underground car park at the House of Commons, London: geotechnicst
aspects.

cP14/77 The optimisation of intermittent heating.

cP15/77 Accuracy achieved in setting-out with the theodolite and surveyors’ level
on building sites.

CP16/77 Modular bricks and productivity — results of fuli-scale trials.

cP17/77 Preservative treatments for constructional timbar.

cP18/77 Sprayed concrete: tunnel support requirements and tha dry mix processes.
CcP19/77 The evaluation ot the engineering design parameters for glacial clays.

CP20/77 Energy conservation in buildings: 8 preliminary study of automaiic
daylight control of artificial lighting.

cpP21/27 Porosity of building materia's — a coliection of published results.

cP22/77 The relations between the ultimate tension and ultimate compression strength
of timker and its modulus of elssticity.
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